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TITLE: CIRCUIT AND METHOD TO FACILITATE THRESHOLD VOLTAGE 

EXTRACTION AND FACILITATE OPERATION OF A CAPACITOR 
MULTIPLIER 

5 TECHNICAL FIELD 

The present invention relates generally to operation of transistors and integrated 
circuits and, more particularly, to a system and method to facilitate extracting a threshold 
voltage of a MOSFET, which further can be employed to operate an associated circuit, 
such as capacitor multiplier. 

10 

BACKGROUND OF THE INVENTION 
Metal Oxide Semiconductor Field Effect Transistors (MOSFETs) are often used 
to implement a variety of analog functions and digital logic, such as in the form of large 
scale integrated circuits (LSI) and very large scale integrated circuits (VLSI). A 

1 5 MOSFET can be controlled to provide various outputs as a function of its operating 

parameters. One important operating parameter is the threshold voltage V T . The V T 
corresponds to a gate voltage that causes the onset of strong inversion in the channel of 
the MOSFET, allowing significant current flow through the device. 

FIG. 1 illustrates a graphical representation of drain current Id plotted versus gate- 

20 source voltage V G s, such as when the MOSFET operates in its linear region. The current- 

voltage characteristics can be divided into different regions, including a cut-off region 2, 
a weak inversion region 2, and a strong inversion region 6. Thus, a different level of 
inversion is provided for different gate-source voltages V G s- A similar estimation-by- 
linear-extrapolation method can also be used for a MOSFET in the saturation region. 

25 Usually, this test is performed with the gate tied to the drain to ensure saturation, with the 
threshold voltage V T being extrapolated from a curve of^/l^ plotted versus V G s- 
Several approaches have been developed to determine the onset of strong 
inversion and, in turn, the V T . One common approach is a constant current method in 
which the V T can be obtained with a single voltage measurement. The efficacy of this 

30 method generally depends on the selected current, as different drain currents tend to 

result in different threshold voltages. Another approach, often used by researchers, is a 
linear extrapolation method. In this method, a maximum transconductance is employed 
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to locate a point of maximum slope along a plot of drain current versus gate-source 
voltage. However, the transconductance is dependent on the series resistance of the 
MOSFET, which can introduce errors. 

Several other approaches have been developed to extract the threshold voltage 
5 and mitigate the dependency on the series resistance associated with the linear 

extrapolation method. One such approach is referred to as the second derivative method. 
In this method, the V T is calculated from the peak of the second derivative of drain 
current over gate-source voltage. This approach is sensitive to noise in the measurements 
as well as requires substantial processing to locate the peak of the second derivative. 

1 0 Other approaches to derive an indication of V T include a ratio method and a quasi- 

constant-current method, which have various limitations in addition to their complexities. 

FIG. 2 illustrates an example of a capacitor multiplier circuit, which includes 
MOSFET devices MN1 and MN2 as an AC current mirror. The current mirror and 
capacitor CI constitute an AC feedback loop, which tends to increase the effective 

1 5 capacitance seen at the output node by a factor of one plus N, where N is the ratio of 

aspect ratios (W/L) of MN1 to MN2. The effective increase in capacitance is due to a 
reduction in the current available to charge CI. When current I 0 in FIG. 2 charges the 
node V 0 during a transient condition, the current of the capacitor CI is mirrored from 
MN2 to MN1, and amplified in the process by a factor of N. The gained current is pulled 

20 out of the output node V 0 , reducing the current available to charge the capacitor CI . The 

feedback loop reduces the charging current, which has the substantially the same effect 
on the charge-up time as increasing the size of the capacitor. 

For the feedback loop to function correctly, the voltage at the NMOS gates should 
be greater than or equal to the MOSFET threshold voltage, which permits the MOSFETs 

25 to conduct. Thus, with the capacitor multiplier circuit of FIG. 2, all of I 0 's current flows 

into the capacitor until the gate node of the current mirror reaches a voltage equal to V T . 
The result is the initial transient behavior, such as shown in FIG. 3. In FIG. 3, the output 
voltage V 0 is plotted (in volts) versus time (in seconds), indicated at 10. The graph 10 
illustrates the dV/dt characteristics of the capacitor multiplier of FIG. 2. The output 

30 voltage quickly ramps from 0V to V T? at which point the current mirror begins to operate. 

The slew rate then decreases to the value determined by the feedback loop of CL 
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Theoretically, a capacitor multiplier should provide substantially linear dV/dt 
characteristics 10 without the initial charge-up to V T? more closely resembling the 
charging of an ideal capacitor, also shown in FIG. 3 at 12. 

5 SUMMARY OF THE INVENTION 

The following presents a simplified summary of the invention in order to provide 
a basic understanding of some aspects of the invention. This summary is not an extensive 
overview of the invention. It is intended to neither identify key or critical elements of the 
invention nor delineate the scope of the invention. Its sole purpose is to present some 

10 concepts of the invention in a simplified form as a prelude to the more detailed 

description that is presented later. 

One aspect of the present invention provides a system for extracting the threshold 
voltage of a MOSFET. A first stage includes an input operative to receive a first input 
current. A gate node is electrically coupled to the first input. A second stage includes a 

1 5 gate node and an input operative to receive a second input current. A voltage divider or 

other network can be coupled between the input of the second stage and the gate node of 
the first stage, such that an intermediate node of the network is coupled to the gate node 
of the second stage. With proper biasing conditions and MOSFET sizing, the output 
voltage of the circuit is approximately equal to the threshold voltage for the MOSFET. In 

20 accordance with a particular aspect of the present invention, the output voltage from the 

voltage extraction system can be provided to a capacitor multiplier to mitigate startup 
offset usually associated with operation of the active capacitor multiplier, thereby 
improving the operation of the capacitor multiplier. 

Another aspect of the present invention provides a substantially accurate capacitor 

25 multiplier system. The capacitor multiplier includes first and second stages coupled 

together at a common gate node. The first stage includes a first input that receives an 
input current and an ac feedback network, such as a capacitor, is coupled between an 
output of the second stage and the first input. A threshold voltage extraction system 
provides an output having a value functionally related to a threshold voltage for a 

30 MOSFET device associated with the second stage of the capacitor multiplier. The output 

from the threshold voltage extraction system is provided to a second input of the 
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capacitor multiplier, such that the threshold voltage is provided to an common gate node 
of the capacitor multiplier so as to mitigate a startup offset of the capacitor multiplier 
circuit when the bias current is applied to the first input. 

The following description and the annexed drawings set forth in certain 
5 illustrative aspects of the invention. These aspects are indicative, however, of but a few 
of the various ways in which the principles of the invention may be employed. Other 
advantages and novel features of the invention will become apparent from the following 
detailed description of the invention when considered in conjunction with the drawings. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph depicting drain current versus gate-source voltage for a 
MOSFET operating in its linear region. 

FIG. 2 is an example of a capacitor multiplier circuit. 

FIG. 3 is a graph depicting voltage versus time, illustrating an ideal capacitor and 
1 5 the output of the capacitor multiplier of FIG. 2. 

FIG. 4 is a schematic diagram of a voltage extraction circuit in accordance with 
an aspect of the present invention. 

FIG. 5 is a graph depicting an output voltage versus input supply voltage for a 
threshold voltage extraction circuit in accordance with an aspect of the present invention. 
20 FIG. 6 is a graph depicting an output voltage versus bias current for a threshold 

voltage extraction circuit in accordance with an aspect of the present invention. 

FIG. 7 is a schematic block diagram of a capacitor multiplier system in 
accordance with an aspect of the present invention. 

FIG. 8 is an example of capacitor multiplier circuit in combination with a 
25 threshold voltage extraction circuit in accordance with an aspect of the present invention. 

FIG. 9 is a graph depicting voltage versus time for an ideal capacitor and an 
output of a capacitor multiplier in accordance with an aspect of the present invention. 

FIG. 10 is a flow diagram illustrating a methodology for extracting a threshold 
voltage in accordance with an aspect of the present invention. 
30 FIG. 1 1 is a flow diagram illustrating a methodology for improved operation of a 

capacitor multiplier in accordance with an aspect of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides a system and method to extract a threshold voltage 
for a MOSFET. The system includes first and second stages driven by proportional input 

5 currents that are provided: to first inputs of the respective stages. The first stage has 

another input coupled to a second input of second stage through part of a voltage divider. 
Another part of the voltage divider is coupled between an internal gate node and the input 
of the second stage that receives the respective input current. The input of the second 
stage that receives the respective input current also provides an output voltage 

1 0 substantially equal to the threshold voltage of the MOSFETs in the respective stages. An 
associated circuit, such as a capacitor multiplier, in turn, can utilize the output voltage. 

FIG. 4 illustrates an example of a voltage extraction circuit 100 in accordance 
with an aspect of the present invention. The circuit includes a first MOSFET stage 102 
that includes a MOSFET 104 having a drain 106 that receives a predetermined input 

1 5 current from a current source 108. For example, a current mirror network driven by a 

reference current value could derive the current source 108. The drain 106 is electrically 
coupled (e.g., shorted) to a gate 1 10 of the MOSFET 104, with its source 1 12 being 
coupled to ground or another reference potential. 

The stage 102 is coupled to another MOSFET stage 114. In accordance with an 

20 aspect of the present invention, the stage 114 includes a MOSFET 1 16 that is 

substantially similar to the MOSFET 104, such as having substantially the same channel 
length, although their respective channel widths can differ. For example, both MOSFETs 
104 and 1 16 are floating gate NMOS transistors that have substantially identical 
threshold voltages. It is to be understood and appreciated that, alternatively, PMOS 

25 devices also could be used in place of the MOSFETs 104 and 1 16 for PMOS threshold 

voltage extraction in accordance with an aspect of the present invention. 

The MOSFET 116 includes a gate 118 electrically coupled to the gate 1 10 of the 
first stage 102 through a capacitor 120. The gate 118 also is coupled to a drain 122 of the 
MOSFET 116 through another capacitor 124, such that the capacitors form a voltage 

30 divider network 126 between the drain 122 of the MOSFET 1 1 6 and the gate 1 10 of the 

MOSFET 104. A current source 128 provides an input current to the stage 1 14 and 
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associated voltage divider. The input currents provided by the current sources 108 and 
128 are proportional to each other. In accordance with a particular aspect of the present 
invention, the current source 108 provides an input current of 41 and the current source 
128 provides an input current of L For example, the current source 128 can include a 
5 transistor current mirror that derives the input current I based on the same reference 

current as the current source 108. 

Those skilled in the art will understand and appreciate various techniques and 
arrangements that could be utilized to provide desired currents to the respective stages 
102 and 1 14. It is further to be appreciated that the relationship between currents can 

1 0 further vary as a function of the MOSFETS 1 04 and 1 1 6. For example, the currents 
provided from the sources 108 and 128 could be substantially equal with the devices 
being scaled with a ration of 4:1 . Alternatively, the currents from the current sources 108 
and 128 could have a ratio of 1 :2, with the MOSFET devices scaled with a ratio of 2:1. 

By way of illustration, the voltage at the gate 1 1 8 of the MOSFET 1 16 can be 

15 expressed as: 

n C2 

V 7 = V , — — — + V d2 — — — where: (Eq. 1) 

g2 gl Cl + C2 " 2 C1 + C2 

V gl = gate voltage of the MOSFET 104 
V d2 = drain voltage of the MOSFET 116 
Cl = capacitance of the capacitor 120 
20 C2= capacitance of the capacitor 124 

According to one aspect of the present invention, the capacitance of the respective 
capacitors 120 and 124 are substantially equal. Thus, Eq. 1 reduces to: 

V g2 =\{V gX+ V d2 ) (Eq.2) 

25 To help prevent parasitic effects from altering Eq. 1 , the capacitances of the respective 

capacitors 120 and 124 further should be significantly greater than the parasitic gate 
capacitance of the MOSFETs 104 and 116. 

Also, if the MOSFET 116 operates in its saturation region, standard MOSFET 
equations apply, such that the gate voltage Vg2 can be expressed as: 

30 ^ =Fr + if (Eq ' 3) 
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where: V T = threshold voltage of the MOSFET 116, 
I D = drain current of the MOSFET 1 1 6, and 
p=|i 0 *C 0 x*W/L, where |u 0 is the mobility of the electrons in the 

induced n channel and Cox is the capacitance per unit area of the gate-to- 
5 channel capacitor for which the oxide layer serves as a dielectric. 

By way of further illustration, assume that the current source 108 sources the 
current 41 into the MOSFET 104, while the current source 128 sources I into the 
MOSFET 116. Because the gate 1 10 of the MOSFET 104 is tied to its drain 106, the 
1 0 transistor is saturated and the voltage V g i at its gate 1 1 0 is equal to: 

V gl =Vr + ^. (Eq.4) 

Assuming that the MOSFET 116 also is saturated, Vg2 and V gi can be substituted into 
Equation 2 to solve for the voltage V d2 at the drain of MN2, as follows: 

When written in terms of V d 2, which corresponds to the output voltage V 0 of the circuit 
100, Eq. 5 becomes: 

which further simplifies to: 
20 V d2 =Vr. (Eq.7) 

Hence, provided that ^ does not exceed V T {e.g. , Vds)Vgs - Vt ), the MOSFET 1 1 6 

will be in the saturation region, and all equations will apply. In addition, early voltage 
mismatch is relatively small, because the voltages on the drains 106 and 122 of the 

transistors 104 and 1 16 differ by only about J— . 

25 FIG. 5 is a graph 130 in which the output voltage V 0 of the circuit 100 of FIG. 4 

is plotted (in volts) on a Y-axis 132 versus a supply voltage (in volts) on the X-axis 134. 
The graph illustrates that the output voltage V 0 at the drain of the threshold voltage 
extraction circuit 100 (FIG. 4) is independent of the supply voltage above a minimum 
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supply voltage, indicated at 136. In the example of FIG. 4, the minimum supply voltage 
to drive the circuit 100 is about 2.0 volts. It is to be appreciated that the minimum supply 
voltage generally will vary according to the device characteristics, and to the particular 
circuit arrangement utilized to provide a threshold voltage extraction circuit in 
5 accordance with an aspect of the present invention. 

FIG. 6 is a graph 140 in which the output voltage V 0 at 122 of the circuit of FIG. 
4 is plotted (in volts) on a Y-axis 142 versus the bias current (in Amps), which 
corresponds to the current I in FIG. 4, on an X-axis 144. The graph 140 shows that, so 
long as the transistors 104 and 1 16 remain saturated, the output voltage is substantially 

10 independent of the bias current. For example, the output voltage shown in FIG. 6 varies 

by only about 2% relative to the bias current while the MOSFET 1 16 is saturated. 

FIG. 7 illustrates an example of a capacitor multiplier system 200 configured for 
operation in accordance with an aspect of the present invention. The system 200 includes 
a capacitor multiplier 202, which generally includes two stages 204 and 206 coupled 

1 5 together by a connection 208. Each of the stages 204, 206, for example, includes a 

floating gate NMOS (or PMOS) transistor, with the connection coupling their respective 
gates together. A feedback capacitor 210 is coupled between an output 212 of the second 
stage 206 and an input 214 to the first stage 204. The capacitor 210 operates to augment 
the effective capacitance of the multiplier seen at an output 214 of the capacitor 

20 multiplier 202. 

The capacitor multiplier 202 receives a predetermined input voltage at an input 
216, which voltage is proportional (or equal) to the threshold voltage of a MOSFET 
associated with the second stage 206. In the example of FIG. 7, the input signal provided 
at 216 is provided by a threshold voltage extraction system 218. The threshold voltage 

25 extraction system 218 can include an arrangement of components similar to that shown 

and described with respect to FIG. 4. Alternatively, the threshold voltage extraction 
system 21 8 can be implemented in other ways, including, for example, hardware and/or 
software programmed and/or configured to implement a linear extrapolation method, a 
constant current method, a second derivative method, a ratio method, a quasi-constant 

30 current method, or the like. 
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The threshold voltage extraction system 21 8 provides an output voltage to the 
input 216 of the capacitor multiplier 202, such that a resulting voltage at the connection 
208 between the stages 204 and 206 is about greater than or equal to the threshold voltage 
of the MOSFET(s) that form the second stage. By way of illustration, the second stage 
5 includes voltage divider coupled to the input 21 6 and receives the output voltage from the 

threshold voltage extractor 218, such as an integer multiple of the threshold voltage (e.g., 
2Vt). The voltage divider causes a desired voltage drop in the voltage at 216 so that the 
threshold voltage is provided to the connection 208 coupled between respective gates of 
the MOSFETs in the capacitor multiplier. Because at least the threshold voltage is 

1 0 provided to the respective gates of the stages 204 and 206, a start up offset voltage, such 

as shown in FIG. 3, is mitigated. 

A bias system 220 is electrically coupled to provide input currents to the voltage 
extraction system 218 and to the capacitor multiplier 202 at 214. For example, the bias 
system can include a power supply that energizes one or more current sources configured 

1 5 to provide desired current to the respective threshold voltage extractor 2 1 8 and capacitor 

multiplier 202. 

It is to be understood and appreciated that the capacitor multiplier 202 can be 
implemented as a voltage-mode capacitor multiplier or a current-mode capacitor 
multiplier. By way of example, the capacitor multiplier can be arranged in accordance 

20 with the teachings of U.S. Patent No. 6,084,475, which is incorporated herein by 

reference, although other types and arrangements of capacitor multipliers also could be 
employed in accordance with an aspect of the present invention. 

FIG. 8 illustrates another example of a capacitor multiplier system 240 in 
accordance with an aspect of the present invention. The system 240 in this example 

25 includes a capacitor multiplier system 242 that is coupled to a threshold voltage 

extraction system 244. The threshold voltage extraction system includes a pair of stacked 
voltage threshold extractors 246 and 248 and a power supply system 250 configured to 
energize the stacked extractors. 

By way of example, the power supply system 250 includes a plurality of current 

30 sources 252 and 254 that provide current signals respectively to inputs 258 and 260 of the 

voltage extraction system 244. In one aspect of the present invention, the currents are 
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proportional to each other. For example, the current signals provided to input 258 can be 
substantially equal to four times the current provided to the input 260. Those skilled in 
the art will understand and appreciate various circuit arrangements (e.g., an arrangement 
of PMOS current mirrors that follow a desired reference current) that could be employed 
5 to provide desired current levels to the respective inputs 258 and 260. 

Another current source 256 is configured to provide a current signal to an input 
262 of the capacitor multiplier 242. The current source 256 can provide any desired level 
of current to the capacitor multiplier 242, which further may be independent of the 
current provided by sources 252 and 254. It is to be appreciated that to reduce the real 

10 estate used to implement the circuit arrangement of FIG. 8, the current sources 252, 254 

and 256 can be operative associated with a common voltage source and configured to 
provide desired current signals, as described herein. 

As mentioned above, the first voltage extractor 246 is arranged to receive 
respective currents from the current sources 252 and 254, which currents can be 

1 5 proportional to each other. The current from the source 252 is provided to the input 258, 

which is coupled to a drain 264 of an n-type MOSFET 266. The drain 264 is electrically 
coupled to a gate 268. A source 270 of the MOSFET 266 is coupled to an input of the 
second voltage extractor 248. The gate 268 is coupled to a gate 272 of a second 
MOSFET 274 through a capacitor 276. The gate 272 is coupled to a drain 278 of the 

20 MOSFET 274 through another capacitor 280. The capacitors 276 and 280, for example, 

have approximately equal capacitances and form a voltage divider network between the 
gate 268 of the MOSFET 266 and the drain 278 of the MOSFET 274. A source 282 of 
the MOSFET 274 provides a second input the second voltage extractor 248. The drain 
278 corresponds to the input 260 of the first voltage extractor 246, as well as provides a 

25 desired output V 0 from the voltage extraction system 244 to the capacitor multiplier 242. 

The second voltage extractor 248 is substantially identical to the first voltage 
extractor 246. Briefly stated, a MOSFET 284 includes a drain 286 coupled to the source 
270 of the MOSFET 266 and a source 288 coupled to ground potential. The drain 286 
further is coupled to a gate 290 of the MOSFET 284. The gate 290 is coupled to a gate 

30 292 of second MOSFET 294 through a capacitor 296. The gate 292 is coupled to a drain 
298 through another capacitor 300, such that the capacitors 296 and 300 form a voltage 
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divider having an internal node at the gate 292. A source 302 of the MOFET 294 is 
coupled to ground potential 

Because of the configuration of each of the voltage extractors 246 and 248 and the 
currents provided at the inputs 258 and 260, each of the extractors is operative to provide 
5 a voltage at the drain of its second stage equal to the threshold voltage of the respective 

MOSFETS 266, 274, 284, and 294 being employed. Further, because the voltage 
extractors 246 and 248 are stacked in a series configuration, an output voltage Voi at 
node 260 is the sum of the two threshold voltages (e.g.. 2Vy). 

As mentioned above, the voltage extraction system 244 provides the output 

1 0 voltage Voi to one input to the capacitor multiplier 242. The input 262 is coupled to a 

first stage of the capacitor multiplier and the output 260 is coupled to a second stage of 
the capacitor multiplier. In particular, the input 262 is coupled to a drain 306 of a 
MOSFET 308. The MOSFET 308 further includes a source coupled to ground potential 
and a gate 3 1 0 coupled to a gate 3 1 2 of a MOSFET 3 1 4 of the second stage of the 

1 5 capacitor multiplier 242. The output 260 of the threshold voltage extraction system is 

coupled to the gate 312 through a capacitor 316. The gate 312 further is coupled to a 
drain 3 1 8 through another capacitor 320. The capacitor multiplier 242 also includes a 
feedback capacitor 322 coupled between the drain 318 of the second MOSFET 314 and 
the drain 306 of the first MOSFET 306. 

20 In accordance with an aspect of the present invention, the capacitors 316 and 320 

form a voltage divider having an intermediate node at the respective gates 310 and 312. 
It is to be appreciated that any ratio of capacitances could be used to provide a desired 
voltage at 312 relative to the respective voltages at 260 and 318. For example, the 
capacitors can be selected to have substantially equal capacitances. Accordingly, when 

25 the voltage Voi at the output 260 of the voltage extraction system 244 is equal to about 

2 V T and the voltage at 3 1 8 is equal to zero, the gate voltage at 3 1 0 and 3 1 2 is equal to 
about Vt due to the voltage drop across the respective capacitors 316 and 320. As result, 
an offset voltage generally equal to about V T that tends to occur in a capacitor multiplier 
is mitigated. This helps improve performance and accuracy of the capacitor multiplier so 

30 as to better simulate an ideal capacitor. 
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FIG. 9 illustrates an example of a graph 350 in which an output voltage V 0 is 
plotted (in volts) on a Y-axis 352 and time is plotted (in seconds) on an X-axis 354. 
Thus, the graph 350 illustrates change in output voltage V 0 versus time, namely, dV/dt 
characteristics for the capacitor multiplier system 240 shown in FIG. 8. Another graph 
5 356 illustrates the dV/dt characteristics for a similarly configured, but much larger ideal 

capacitor. It is to be appreciated that most of the offset, which is equal to about the 
threshold voltage of the MOSFET in the output stage associated with a conventional 
capacitor multiplier has been eliminated because of the voltage applied from the 
threshold voltage extraction system 244. A small startup offset, however, may still exist 

10 in the system 240. The effects of the small offset further can be mitigated, such as by 

increasing the size of the output stage MOSFET (e.g., making its W/L larger). Those 
skilled in the art will understand and appreciate other techniques that could be employed 
to further reduce the small remaining startup offset. 

In view of the foregoing structural and functional features described above, a 

1 5 methodology in accordance with various aspects of the present invention will be better 

appreciated with reference to FIGS. 10 and 11. While, for purposes of simplicity of 
explanation, the methodologies of FIGS. 10 and 1 1 are shown and described as executing 
serially, it is to be understood and appreciated that the present invention is not limited by 
the illustrated order, as some aspects could, in accordance with the present invention, 

20 occur in different orders and/or concurrently with other aspects from that shown and 

described herein. Moreover, not all illustrated features may be required to implement a 
methodology in accordance with an aspect the present invention. It is to be understood 
that the following methodologies can be implemented in hardware, integrated circuits, 
software, or a combination thereof. 

25 FIG. 10 illustrates a methodology implemented by a voltage extraction system in 

accordance with an aspect of the present invention. The methodology begins at 400 by 
configuring the system to include first and second MOSFET stages, such that each stage 
includes substantially identical floating gate n-type MOSFETs (e.g., having 
approximately the same aspect ratio). The respective gates of the MOSFETs are 

30 electrically coupled to each other through part of a voltage divider, which is operative to 
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provide a desired voltage drop (e.g., about V2) between the gate of the first MOSFET and 
the gate of the second MOSFET. 

At 402, the first MOSFET stage is forced to operate in saturation, such as by 
coupling its gate to its drain. At 404, bias current is provided to an input of the first 

5 stage, such as to the drain of the first stage MOSFET. At 406, a bias current also is 

provided to an input of the second stage MOSFET. In accordance with an aspect of the 
present invention, the bias currents at 404 and 406 are proportional. For example, the 
current provided to the first stage is four times the input current provided to the second 
stage. The second stage MOSFET also operates in its saturation region at 408. 

10 At 410, voltage division occurs between the drain of the second stage and the gate 

of the first stage. An output voltage is provided (412) at the drain of the second stage, 
which is substantially equal (or integrally proportional, e.g., lx, 2x, 3x, etc.) to the 
threshold voltage V T of the second stage MOSFET provided that the MOSFETs are 
saturated and the proportional currents are provided at 404 and 406. The output voltage 

1 5 can be utilized by any system or circuit requiring an indication of a threshold voltage for 

a given MOSFET device that is substantially identical to the MOSFET devices utilized to 
perform the threshold voltage extraction. 

By way of particular illustration, FIG. 1 1 illustrates a methodology for 
implementing an accurate capacitor multiplier that exhibits improved performance by 

20 mitigating startup offset associated with its operation. The methodology begins at 440 by 

providing a capacitor multiplier circuit, such as a current-mode or voltage-mode capacitor 
multiplier. It is to be understood and appreciated by those skilled in the art that any 
capacitor multiplier network could be utilized, including a Miller-compensated amplifier 
configured according to the above-incorporated U.S. Patent No. 6,084,475. The 

25 capacitor multiplier generally includes two MOSFET stages coupled together with a 

feedback capacitor coupled between the output of the second stage and an input of the 
first stage. For example, gates of the respective MOSFET stages could be coupled 
together, such that when the output voltage reaches the threshold voltage the system 
provides a current mirror. 

30 At 442, a voltage substantially equal (or proportional) to the threshold voltage of 

the second stage MOSFET is generated by an associated system. The threshold voltage, 
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for example, can be generated by a voltage extraction system, as described herein. 
Alternatively, other known means can be provided to generate a voltage equal (or 
proportional) to the threshold voltage. Examples of alternative approaches that can be 
utilized to provide an indication of threshold voltage, in accordance with an aspect of the 
5 present invention, include: a linear extrapolation method, a constant current method, a 
second derivative method, a ratio method, a quasi-constant current method, and the like. 

At 444, the generated indication of threshold voltage is provided as an input 
voltage to the capacitor multiplier. For example, the application of the voltage to the 
capacitor multiplier results in the threshold voltage for the second stage MOSFET being 

1 0 applied to its gate. Advantageously, by applying a voltage substantially equal to the 
threshold voltage to the gates of the current mirror before the output node beings to 
charge up, startup offset is mitigated. Additionally, the threshold voltage Vr enables the 
dV/dt characteristics of the capacitor multiplier to more closely resemble an ideal 
capacitor. In the absence of applying the input voltage to the capacitor multiplier, in 

1 5 accordance with an aspect of the present invention, a startup offset tends to occur as the 

feedback capacitor charges from 0 V to V T . 

What has been described above includes exemplary implementations of the 
present invention. It is, of course, not possible to describe every conceivable 
combination of components or methodologies for purposes of describing the present 

20 invention, but one of ordinary skill in the art will recognize that many further 

combinations and permutations of the present invention are possible. Accordingly, the 
present invention is intended to embrace all such alterations, modifications and variations 
that fall within the spirit and scope of the appended claims. 

25 
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